Introduction

41
The analysis of pigments is a major task in studies on the evolution, biochemistry, 42 physiology and ecology of photosynthetic organisms (Scheer 2006 water-soluble (phycobiliproteins) or soluble in organic solvents (carotenoids and 58 chlorophylls (chls)). The joint analysis of chls and carotenoids is especially useful for 59 measuring phytoplankton diversity, because they occur in all algal taxa with variable 60 degrees of specificity (Jeffrey et al. 2011) , and many of them are limited to particular 61 classes or even genera. Moreover, they are easily extracted and can be detected with 62 high sensitivity . 63
64
The molecular diversity of chls (Zapata et al. 2006; Scheer 2006 ) and carotenoids 65 (Guedes et al. 2011; Takaichi 2011 ) that underlies their utility as biomarkers, explains 66 also why the analysis of algal pigments is still a challenge for chromatographic methods 67 
82
The goals of an ideal method for the analysis of phytoplankton pigments in natural 83 populations should be i) to obtain good chromatographic resolution of both DVchls a 84 and b from their MV analogues, ii) to resolve chl c pigments, iii) to separate the polar 85 derivatives of chls a and b and iv) to resolve taxon-specific carotenoids in a single 86 chromatographic run. Other cases of study (for example, the physiological studies of 87 the pigment composition of isolated species) are usually less demanding. These phases contain a PFP group that is bound to the silica surface via an 105 unfluorinated alkyl chain spacer (frequently a propyl group, insufficient to achieve 106
proper retentions of photosynthetic pigments in their whole range of polarity). 107 minimize the amount of organic solvent in the mobile phases and to propose 117 alternatives to the use of toxic solvents (Plotka et al. 2013 propanol and tetrahydrofuran) were tested to modify the selectivity of the system and 219 its effects on resolution (data not shown). As best results were obtained with alcoholic 220 Column temperature affected the resolution of certain critical groups whose 245 separation could be somewhat improved. Even in the narrow margin between 27 and 246 35 °C (lower temperatures increase the overall system pressure and higher ones could 247 compromise the stability of the analytes) temperature changes affected the retention 248 of various pigments, conditioning its resolution (Table 2) . A column temperature of 33 249 °C was selected. 250
251
ELUTION PROFILE OF ALGAL PIGMENTS AND THE SEPARATION OF MV-/DV-chl PAIRS 252 253
The mix of pigment standards from DHI supplemented with chlorophyllides and 254 pheophytins (maximum and minimum polarities that determine the length of analysis) 255 and different mixtures of algal extracts were used in order to select the eluent 256 composition and to develop the gradient profile. The three mixtures encompass a set 257 of pigments representative of the structural diversity expected in natural samples. The 258 overall chromatographic performance of the method can be appreciated from the 259 resulting chromatograms in the chosen conditions (Fig. 2 a-c) , together with the 260 application of the method to cultures of known composition (Figs. 3 and 4) , and data in 261 Table 3 (Fig 3a-d) . Chls a and b are always 305 constitutive of their pigment profiles. 306
The chromatographic trace of T. marina (Fig. 3a) shows the complete separation of 308 typical xanthophylls from prasinophycean pigment-type 2A (sensu Jeffrey et al. 2011 ) 309 that encompasses the common carotenoids in Chlorophyta (i.e., those corresponding 310 to the Chlorophyte 1 pigment type: 9'-cis-Neoxanthin, Violaxanthin, Antheraxanthin, 311
Zeaxanthin and Lutein) plus Loroxanthin and its two esters. A partial resolution of β,β-, 312 β,ε-and β,ψ carotenes was also obtained. 313
314
The distinctive pigment profile of Ostreoccocus sp. (Prasinophyte type 3A,) is well 315 characterised with the proposed method ( Fig. 3b) : the polar chls, Chl c CS 170 and DV-316
Protochlorophyllide a (Mg-DVP), a group of carotenoids in the central zone with 317
Uriolide, Prasinoxanthin (pigment markers for Mamiellales), 9'-cis-Neoxanthin and 318
Violaxanthin, and at higher retention times the additional pigments Dihydrolutein and 319 an unknown non polar carotenoid (eluting later than chl a). 320
321
The dinoflagellate L. chlorophorum shows the typical profile of a chlorophycean 322 chloroplast (Fig. 3c) , plus an unknown carotenoid eluting well differentiated from 323
Lutein. 324 325
Codium tomentosum extracts render a chromatogram (Fig. 3d) with galactosyl diglycerides are also eluting before chl a. 356
357
The chromatographic profile of Pelagomonas calceolata (Fig. 4d) shows the complete 358 separation of 19'-Butanoyloxyfucoxanthin (a pigment marker for Pelagophyta) from 359
Fucoxanthin, and traces of β,ε− and β,β−carotene. 360
361
The xanthophyll Alloxanthin, diagnostic for Cryptophyta, dominates the chromatogram 362 of Rhodomonas baltica (Fig. 4e) . The characteristic carotenoids Monadoxanthin and 363
Crocoxanthin are also completely separated. As expected, only chl c 2 is detected. 364
365
Nannochloropsis gaditana, lacking chls c, reveals the resolution of Vaucheriaxanthin 366
and its esters (key pigments for Eustigmatophyta) besides the major carotenoids 367
Violaxanthin and Astaxanthin (Fig. 4f) . 368
369
Two dinoflagellates representative of characteristic pigment patterns were analyzed. 370
The toxic dinoflagellate Alexandrium minutum (dinoflagellate pigment type 1, (sensu 371
Zapata et al. 2012) shows (Fig. 4g ) the biomarker carotenoid Peridinin completely 372 resolved from chl c 2 , and the separation of a characteristic peridinin-like pigment 373 (whose structure is still unknown) from Mg-DVP. The coelution of Dinoxanthin is 374 observed as a deformation in the Diadinoxanthin peak and the simultaneous 375 occurrence of both pigments had to be checked by the spectral characteristics at 376 different zones of the peak. Karlodinium veneficum, a representative of dinoflagellate 377 pigment type 3 , shows the elution of the marker xanthophyll 378
Gyroxanthin as an isolated peak, besides 19'-Butanoyloxyfucoxanthin, Fucoxanthin, 379
19'-Hexanoyloxyfucoxanthin, Diadinoxanthin and Diatoxanthin, all of them completely 380 resolved (Fig. 4h) . 381
382
NATURAL SAMPLES 383 384
The capability of the method in determining the pigment composition of natural 385 plankton populations was tested in water samples from the Mediterranean Sea. The method here proposed is able to separate MV/DV pairs of acidic and esterified 415 chls in a single run together with most taxonomically important carotenoids (Table 3) . 416
The simultaneous separation of MV/DV pairs of polar (chls c, protochlorophyllides) and 417 non-polar (chls a and b) pigments had been only achieved in the past by the use of 418 polymeric octadecylsilica columns at low temperatures (Garrido & Zapata 1997) Table 3 . 695
